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A previous publication treats irl detail of the fibrillar net- 
works in the neuropil of the leech. In the present paper it is 
purposed to give a more general description of the fibrillar struc- 
tures found in the nervous system of the leech and crayfish and 
to  point out the relation of these structures to the neurone 
theory. 

The neurone theory, grounded upon the fundamental re- 
searches of GUDDEN, GOLGI, and HIS, was first formulated by 
W A L D 7 Y E n  (’91) in the following words : “Das Nervensystem 
bestcht aus zahlreichen, unter einander .anatomisch wie gene- 
tisch nicht zusammenhangenden Nerveneinheiten (Neuronen). ’’ 
As WALI)EYER, VEKWORN, and NISSL have shown, the all-impor- 
tant point embraced in the neurone theory is not the anatomical 
independence of the nervous elements, but the assumption that 
the nervous system is entirely composed of cell individuals. 
Whether the processes of these cells are only in contact, or by  
growing together have become continuous, is a secondary mat- 
ter. Nevertheless, on the threefold evidence of histogenesis, 
neuropathology, and histology, most neurologists maintain that 
the nervous system is composed of anatomically independent, 
cellular units. 

I .  Histogenesis. That the nerve elements develop from 
single neuroblasts and not from chains of cells was first asserted 
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by HIS (‘89, ’go). His work has recently been confirmed by 
the excellent research of HARKISON ( :  01). The latter was 
able to show that in two cases dorsal processes from bipolar 
neuroblasts of the sensory ganglion broke through the bound- 
ing membrane of the nerve chord, while ventral processes from 
the same cells were traced to the periphery. Both HIS and 
HARRISON have proved that the axis-cylinders and dendrites of 
motor elements originate as processes from a single cell ; they 
traced the axis-cylinder processes to the very point where the 
nerve fibers appear ; but in no case did either investigator de- 
monstrate direct connection between these processes and the 
embryonic nerve fibers. HARKISON states moreover that : ‘*Die 
ersten motorischen Fasern sind schon vorhanden, ehe uber- 
haupt lose Zellen in der Gegend der Austrittsstelie zii tinden 
sind. ” 

Directly contrary to the observations of HIS and HARRI- 
SON, and in agreement with those of BALFOUR (‘76) and DOHRN 
(’91) are the preliminary statements of BETHE ( :  0 2 )  as to the 
histogenesis of the nerve elements in the chick : ( I )  Before the 
axis-cylinder processes of the neuroblasts break through the 
bounding membrane of the chord, the fundaments of nerve 
fibers are formed as chains of cells; (2) coincident with the 
breaking through of the processes, many primitive fibers may 
be observed in the myotomes; (3) processes of the bipolar 
cells which form these nerve fibers in the myotomes may be 
traced into the chord with the same distinctness with which the 
processes of the neuroblasts (of HIS) may be traced out of it, 
and often the union of processes from neuroblast and primary 
nerve cell may be observed ; (4) the primitive nerve fibers are 
differentiated simultaneously from an entensive chain of cells 
extending from the central organ to the periphery ; ( 5 )  these 
cells increase in number only by karyokinesis ; not until the 7th 
to 9th day of development are the neuro-fibrillae formed. 
BETHE concludes from these observations that each nerve ele- 
ment represents a group or society of cells, rather than a single 
cell individual. His statements are as yet unsupported by pub- 
lished figures, but they agree both with the observations of 
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other noted neurologists and with his own recent work on the 
regeneration of peripheral nerves. I t  is a t  least clear that as 
far as the evidence of histogenesis goes the neurone theory is 
still open to dispute. I t  is grounded on certain recognized facts, 
but these facts relate only to the early stages of development. 
Neither HIS nor HARRISON says anythingas to the origin of the 
neurofibrillae, structures upon which the opponents of the reu- 
rone theory put much weight. 

2.  Neuropathology. GUDDEN ('89) was the first to demon- 
strate the fact that the cutting of a motor axis-cylinder caused 
the degeneration not only of the peripheral fiber, thus isolated 
from its cell, but also of the cell and its dendrites. In new-born 
animals the entire nerve element atrophied and was resorbed, 
but never in any case were the pathological changes observed 
beyond the dendrites of the injured neurone. According to 
NISSL, FOKEL ('86) first coupled these facts with the evidence 
of GOLGI'S preparations and formulated the idea of the nerve- 
cell individual, to which WALDEYER later gave the name of neu- 
rone. The two facts of neuropathology which have been used 
as arguments i n  support of the neurone theory are : ( I )  that 
nerve fibers separated from their ganglion cells degenerate and 
(2) that the phenomena of degeneration never have been ob- 
served to pass beyond the processes of the injured elements. 

The experiments of GUDDEN show that it is not merely 
their isolation from their cells which causes nerve fibers to degen- 
erate, for the cells themselves often atrophy in young animals. 
BETHE ('98) by isolating the neuropil of a nerve center in the 
brain of the crab found that the nerve elements may remain 
actively functional for several days, proving that the nerve ele- 
ments are physiologically independent of their cells. His re- 
cent experiments in neuropathology, of which he has given 
only a preliminary account ( : 02), show that peripheral nerves 
will degenerate some time after isolation from their nerve cells ; 
furthermore, that in the young dog such degenerate nerve fibers 
will, in the course of 6 to g months, vegenerote ail ikp structures 
of a normal w m e  $bev-pnmdiue Ifbrillae, pen'*liav substance and 
Sckwann'r shatk.  Not only are the regenerated fibers normal 
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in structure, but stimulation of the distal stump of the nerve 
(Ischiadicus) causes contraction of the muscles which it sup- 
plies. Upon dividing the regenerated nerve a second time, 
degeneration ensued in the distal portion only. By this evi- 
dence of BETHE’S the phenomena of degeneration, in themselves, 
are rendered worthless as arguments in  support of the neurone 
theory, while his observation of the regeneration of peripheral 
nerves is incompatible with the assumption that each nerve 
fiber develops in its entirety as a process of a single ganglion 
cell. 

That the phenomena of degeneration have n o t  been ob- 
served to pass beyond the dendrites of the injured nerve ele- 
ments is most easily accounted for by assuming the non-exist- 
ence of continuity between the dendrites of the nervous ele- 
ments. But, as NISSI. argues, the opponents of the neurone 
theory may, with equal right, assume the presence of connecting 
fibrillar structures in the central organ, of whose peculiar qual- 
ities we as yet know nothing, a t  least in vertebrates. These 
structures (the “nervijse Grau” of NISSL) are differentiated cell 
products, and as they are independent of the ganglion cells, 
they are immune from the pathological changes which affect the 
processes of the latter. What are the histological facts in sup- 
port of these assumptions ? 

3. Hzstohgy. W e  have seen that the neurone theory 
was based by Fonrx. and WALDEYEK mainly upon the discov- 
eries of HIS, and the silver impregnations of GOLGI and K A M ~ N  
Y CAJAL. It  is now known that the methods of GOLGJ are ex- 
tremely unreliable, that the impregnations are rarely complete 
and often extend to non-nervous structures. When, therefore, 
APATHY (‘97) demonstrated by new methods the finer structure 
of the nervous system, many neurologists maintained that 
the neurone theory had received its death blow. The 
value of APATHY’S work, however, has been in throwing in to  
doubt the evidence of GOLGI preparations, and showing the 
importance of more certain and refined methods for the study 
of the nerve elements. APATHY proved that the supposed 
nervous units of GOLGI preparations are themselves composed 
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of infinitely smaller conducting elements, the primitive fibrillae, 
which form networks in the cells. H e  also figured cases of 
direct communication between the processes of nerve cells in 
the intestine of Pontobdefla and instances of fibrillar networks 
in the neuropil of Hintdo. 

In addition A P ~ T H Y  maintains the existence of large motor, 
and small sensory, fibrillae; these two types of fibrillae are 
connected with each other by networks in the ganglion cells 
and by  the diffuse fibrillar network which, according to APATHY, 
forms the neuropil proper. 

The existence of the neurofibrillae is now generally admit- 
ted. BETHE (’98) confirmed APATHY’S observations as to the 
presence of the fibrillae in both the nerve cells and fibers, but 
could not distinguish between motor and sensory fibrils in the 
crab, Carcznus. H e  also asserts that the fibrillar networks in the 
neuropil are not diffuse. His series of studies on the neuro- 
fibrillae in the nervous elements of vertebrates (’98a, ’99, : 00) 
leads him to the conclusion that they are invariably present, 
but that the networks characteristic of invertebrate nerve cells 
arc rarely found. H e  suggests that the neurofibrillae of the 
cells may be directly connected with the fibrillar lAGolginetze” 
which surround the cells, and that these in turn may be in com- 
munication with the fibrillae of other (sensory) elements. 
Neither HETHE nor NISSL was able to demonstrate a clear case 
of such fibrillar connection, and the assumption that the 
‘&Golginetze” are composed of neurofibrillae has been severely 
criticized by R A M ~ S  Y CAJAL and others. NISSL ( :  03) assumes 
the existence, in the central organ, of “nervous gray” struc- 
tures, the differentiated products of nerve cells, corresponding 
perhaps to APATHY’S diffuse fibrillar network. The assumption 
that such nervous elements exist, is based entirely on theoreti- 
cal grounds. H e  points out that it has never been proved that 
the neurofibrillae of the nervous system are integral parts of 
the nerve cells, but that there are facts which indicate that they 
are not : ( I )  the fibrillae are sharply marked off from the rest 
of the cell in both structure and staining qualities ; (2) the axis- 
cylinders are prolonged far beyond the limits of the cell proto- 
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plasm; (3) in diseased and degenerate cells certain fibrillar 
tracts, which pass in and out through the dendrites, may remain 
intact and cannot be distinguished from normal fibrillae. NISSL’S 
figures are schematic and, as in the text, it is difficult to sepa- 
rate fact from theory. His book, however, is of great value 
in that it discloses the weak spots in the neurone theory and 
shows that little or nothing is known of the extra-cellular ele- 
ments found in the gray substance of the vertebrate nervous 
system. Between the dendrites of the nerve cells and the 
point at  which the sensory axis cylinders lose their medullary 
sheaths, there is practically a total blank in our present knowl- 
edge of the nervous elements. 

NISSL accepts as  an established fact APATHY’S hypothesis 
that the nerve elements of invertebrates are connected by a 
diffuse network in the neuropil. Not so the supporters of 
the neurone theory, who are, however, divided in opinion. By 
far the majority of them admit the existence of the neuro- 
fibrillae, but deny that there is continuity between the neurones. 
Prominent among this school are VON LENHOSSEK (’gg), S. 
MEYER (’99). and VAN GEHUCHTEN ( :  00). Other neurologists, 
like WALDEYEK, HOCHE (‘99) and VEKWOHN (:  00), while ad- 
mitting that fibrillar continuity may exist, hold, and we think 
rightly, that the question of contact or continuity between the 
neurones is a side issue. They doubt the existence of fibrillar 
“Gitterwerke, ” however, and still maintain that the nervous 
system is composed entirely of cell units. 

Because of this doubt which still exists in the minds of 
many neurologists, as to certain of APATHY’S observations, the 
writer has made a special study of the fibrillar structures found 
in the neuropil of Himdo, the results of which are now in press. 
The  present paper furnishes further evidence as to the structure 
of the neuropil and is supplemented by a more genera! study 
of the neurofibrillae in  the nerve elements of both Hikdo and 
Asiartrs. The research was begun a t  the Zoological Laboratory 
in the University of Freiburg, Baden, and was completed at the 
Strassburg Physiological Institute. 
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Material and Methods. 

The ventral ganglia of the leech (Hirudo mrduinalis) and 
the abdominal ganglia of the crayfish (Astacus fluviatilis) formed 
the material on which most of my study was based. A part of 
the H i d o  material was treated as described in my former 
paper (PRENTISS, : 03), the method being based on that of 
BETHE (: ooa). Sections 10p thick, fixed in corrosive sublimate 
were impregnated with ammonium molybdate solution (1:4ooo- 
i:6000), differentiated about one minute in warm water (55"-  
60' C) and then stained with an aqueous solution of toluidin 
blue (1:3000). I n  the ganglion cells a pure fibrillar stain was 
obtained by fixing ganglia for one hour in ether fumes, staining 
in toto with toluidin blu; (1:3000) and fixing the stain in a I % 
solution of ammonium molybdate. The material was then 
dehydrated, embedded in paraffin and sectioned in the usual 
manner, This method is simple, but uncertain in its results. It 
is a selective method, like methylen blue, and not all of the 
fibrillae are demonstrated. Often, however, preparations were 
obtained which showed the fibrillae with diagrammatic dis- 
tinctness. 

The preparations of Astacus material were all stained irrtra 
w h m  with methylen blue. The fibrillae were differentiated by 
leaving the ganglia 2-4 hours in normal salt solution ; the stain 
was then fixed in ammonium picrate, which differentiates the 
fibrillae more clearly than molybdate. 

The Fibdlae in #he Ganglion Cells. 

APATHY describes two types of cells in the ventral ganglia 
of Himdo, distinguished from each other by their size and the 
structure of the neurofibrillae. In the type to which the 
smaller cells belong, one large fibril enters the cell and forms a 
close meshwork of rather large fibrillae about the nucleus. 
This is a motor or cellulifugal fibril according to APATHY; its 
network about the nucleus is connected by radial fibrils with a 
finer peripheral meshwork formed by smaller cellulipetal or 
sensory fibrillae. In this manner he assumes that sensory and 
motor elements are put into direct communication within the 
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cell itself. The cells of the second type are the largest in the 
ganglion. Their fibrillae are of nearly equal size and form a 
diffuse network throughout the plasma of the cell. 

The difference in the fibrillar structures contained in these 
two types of cells was very apparent in my own preparations. 
A good example of the smaller type (the motor cells of 
APATHY) is illustrated in Figure 14 (Plate VI). The inner 
network about the nucleus was quite distinct in the preparation; 
the fibrillae of which it is composed are somewhat larger and 
therefore easier to trace than those in the periphery of the cell, 
but preparations in which practically all of the fibrillae within 
the cells are stained, show no such sharp distinction in the size 
of the fibrillae as A P ~ T H Y  describes. Certain fibrils might 
appear a little larger than others, but my preparations do not 
warrant the assertion that the larger fibrillae nhua~~s fcbrm the 
inner network, and the smaller the outer one, as APATHY main- 
tains. Such large fibrillae as APATHY describes are often found, 
however, in preparations in which only a portion of the fibrils 
are stained. I t  may also be observed that the smaller the 
number of the fibrillae to be seen in a cell process, the larger 
those fibrillae usually are. I t  is well known that APATHY’S 
gold chloride method demonstrates the fibrillae more com- 
pletely in the cells than in their processes, and the large 
“motor” fibril which A P ~ T H Y  figures entering the cell and 
forming the inner network, is, in every case, i t  may be noted, 
the on& fibril in the cell PYOCYSS. Several large fibrillae are often 
formed in the cell processes by the cleaving together of the 
primitive fibrils ; if  the impregnation of these were incomplete 
so that only one fibril is visible, conditions would be produced 
like those figured by APATHY. We have such a case evidently 
in Figure 3 (Plate V). One large fibril (b) is seen in the cell 
process ; this, however, divides into four smaller ones on enter- 
ing the cell. I t  is obvious that but few of the fibrillae are 
stained, which renders it especially easy to follow those which 
are demonstrated. This cell belongs to the smaller type 
described by APATHY, but it may be observed that only one 
branch (a) of the large fibril joins the inner network about the 
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nucleus; the others take a more peripheral course, a fact 
which is not in  agreement with APATHY'S figures. In the same 
section another cell of the same type was found (Figure 2, 
Plate V). In  this case, however, there are many fibrils of 
nearly equal size in the cell process, although the networks 
within the cell are incompietely stained. Neither in verte- 
brates nor in crustacea do the neurofibrillae of the nerve cells 
show any marked correlation in size and function. 

In the giant cells of the leech there is no inner network 
about the nucleus ; the fibrillae are very numerous in the cell 
process and divide to form a network of small irregular meshes 
throughout the greater portion of the cell. A portion of such 
a cell is shown in Figure 4 (Plate V) and gives some idea of the  
great number of fibrillae which these giant cells contain. 

The fibrillar structures in the ganglion cells of Astacus 
and other decapod crustacea resemble somewhat those of the 
larger type of cells in Hitudo. Such structures have been 
described by  HETHE ('98), and OWSIANNIKOW (:  00). HETHE 
describes the fibrillae within the ganglion cells of Cavcinus as of 
nearly equal size, and forming a network of somewhat large 
meshes throughout the plasma of the cell. OWSIANNIKOW 
finds primitive fibrillae of two sizes in the nerve cells of 
Astacus; the smaller of these are found about the nucleus in 
the form of a network ; the larger fibrils occupy the peripheral 
portion of the cell, and are the continuations of the fibrillae in 
the cell process. 

My preparations of Astacus showed no trace of a network 
of fine fibrillae about the nucleus. The usual condition ob- 
served is seen in Figure 15 (Plate VI). The  fibrillae appear 
relatively large and form a few large meshes in the peripheral 
region of the cell. This figure corresponds to the descriptions 
of BETHE and resembles the only drawing which OWSIANNI- 
KOW gives of the neurofibrillae in the cells ; the figures of the  
latter do not support the statements he makes in the text. 

Fzbdlav Structures in the Cell Ptoccsscs. 

BJZTHE ('98) was the first to observe that in the crab a 
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nerve element may contain a greater number of neurofibrillae 
than are found entering its cell, and to show that this was due 
to  the fact that many neurofibrillae may enter a neurone 
through the collaterals, and pass out either through the 
peripheral fiber or through other collaterals without entering 
the cell proper. He regards such conditions as incompatible 
with the neurone theory, because the fibrils which do not enter 
the cell can not be integral paits of it, but must be the product 
of some other cell o r  cells. The  fibrillar structures in the 
nerve elements of both the leech and the crayfish confirm 
BETHE’S observations. From methylen blue preparations of 
the abdominal ganglion of Astacus, certain important facts may 
be observed without the use of a high magnification. As 
A P ~ T H Y  noted in the leech, many of the nerve elements are 
paired: a large element in the right half of the ganglion has 
its fellow, similar in size, form and extent, symmetrically placed 
on the other side. More interesting still is the fact that both of 
these paired ele?nenis usually take the stain together, indicating the 
existence of connection between them. . I n  many of my  
preparations of the second abdominal ganglion a pair of large 
motor elements was often demonstrated. One of these from 
the left side of the ganglion is shown in Figure 10 (Plate VI) ; 
its fellow of the right side was its mirrored image even to the 
number, position and extent of the collaterals. The  collaterals 
always branch to the same points in the neuropil, a fact directly 
against the assumption that a diffuse fibrillar network exists. 
For if this were the case, why should the processes of different 
neurones always pass to the same spot in the neuropil, and 
why should the nerve elements be arranged in bilateral sym- 
metry? Such an arrangement would be useless if there were a 
diffuse network of fibrillae in the neuropil, to put the dendrites 
of all the nerve elements into general communication with one 
another. 

Figure 10 also illustrates a second point, which, as we shall 
see, bears upon the fibrillar structures in the nerve elements. 
The nerve fiber reaches its greatest size in the region desig- 
nated by a ,  and this is the point at which most of t h  collaterals 
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entry OY Zeave rht newone; both the cell process (6) and t h  
perajheral fiber (c) arc coiisidcrably smal&r than th.e region inter- 
vening betuk-en thtm. The greater size of this particular por- 
tion of the elements is explained when the fibrillar structures are 
studied under a higher magnification (Figure I I ,  Plate VI). It 
may then be observed that the fibrillae are more numerous at this 
point than in either the cell process proper, or in the peripheral 
fiber. Many fibrillae of the large collaterals (d’) pass directly to 
the periphery through the fiber c’ ; others, like fibril I ,  evidently 
e n k r  the element through one collateral and pass out through 
another. The same condition was observed in the nerve 
elements of the leech (Figure 2 ,  Plate V). The figure is from 
a preparation fixed in ether and stained with toluidin blue. 
The plane of section was very favorable, showing the whole of 
the cell process and short portions of the peripheral fiber and of 
two collaterals in connection with the cell. Here again an 
enlargement is found at the point where the large collaterals 
branch OK As only fibrillar structures were stained, each 
fibril could be traced with perfect distinctness ; a large one (a’) 
passes directly from a collateral at a into the peripheral fiber b 
and is, therefore, independent of the ganglion cell. 

In the large nerve elements of the leech a fibrillar net- 
work is often found in that portion of the cell process from 
which the collaterals branch. Two such cases have been 
figured (Figures 5 and 7, Plate V). Figure 5 is a type of the 
more simple connections which exist between the fibrillae in the 
nerve elements. Three large parallel fibrillae (a, a’, a”) unite 
at the point b ; at c, a single mesh is formed, from which are 
given off several smaller fibrils that continue their parallel 
courses in the process. In this, as in all well differentiated 
molybdate preparations, the perifibrillar substance is not 
stained, and the boundaries of the nerve elements are indicated 
by the course of the fibrillae only. 

The processes of the giant ganglion cells of the leech 
often exhibit extremely complicated fibrillar networks soon 
after they enter the neuropil (Figure 7, Plate V). In Figure 7 
three large fibrillae from the longitudinal commissure unfte 
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with the process ; one of these fibrillae ( d )  joins a small fine- 
meshed network at  6’; the fibrillae coming from the cell at  a are 
all put into communication with one another soon after they 
enter the neuropil by the network a t  c. Such connecting net- 
works form direct paths for nervous impulses passing from one 
nerve element to another, and in entire independence of the 
ganglion cells. These networks have been observed only in 
the processes of the larger cells. Similar fibrillar structures 
have been seen by HETHE, whose observations have not as yet 
been published The large single fibrillae which unite with the 
fibrils of the process at  right angles often divide forming 
T-shaped branches. In one case such a fibril was traced into 
direct connection with the process of another nerve element 
(PHENTISS, : 03, Figure 19). 

Figure I (Plate V) shows an interesting case of fibrillar 
continuity within the process of a giant ganglion cell. The 
process is so sectioned as to show only a portion of its cell, but 
may be traced into the neuropil together with the three large 
neurofibrillae which it contains. Immediately within the neu- 
ropil, it is joined by two longitudinal fibrillae (a and b) ,  which 
branch and unite with two of the fibrillae from the cell ; a cross 
fibril, c, puts into direct connection with each other (2: and b, 
which are fibrillae from the longitudinal commissures and are 
evidently in connection with other ganglia, lying anterior and 
posterior. A nervous impulse, therefore, which was transmitted 
from the ganglion next anterior to this one, or even from the 
brain, would be conducted through fibril n, stimulate the nerve 
element, and pass at  once through c and b to the nerve elements 
in the next posterior ganglion. I have never observed such 
commissural fibers branching dichotomously like the dendrites 
of motor elements, but they niay constantly be seen in connec- 
tion with cell processes. as in this case. The  fibrillarstructures 
shown i n  Figure I were stained as opaquely as the fibers in 
GOLGI preparation<, and since they were situated in a perfectly 
clear space, the connections between the various fibrils were, 
under a magnification of 2000 diameters, as distinct as a dia- 
gram. The further continuations of the fibrillae in the cell 
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process were obscured by longitudinal fibrillae; they cross irreg- 
ularly, but whether a network was formed could not be deter- 
mined with certainty. 

In the crayfish was found one case of apparent connection 
between the dendrite of a large motor neurone and a longitud- 
inal connective fiber (Figure 1 2 ,  Plate VI). To economize 
space only a portion of the collateral a is shown in the figure, 
but in the preparation this collateral was traced into connection 
with a motor ganglion cell. 6, one of the end branches of the 
collateral a,  may be observed uni t ing with the small longitud- 
inal fiber a' a t  the point c. This fiber contains several neuro- 
fibrillae, while b, if  not a single fibril, is composed of not more 
than two. b does not branch oti uniting with d, but can be 
traced a short distance toward c, the anterior end of the longi- 
tudinal connective. In  the preparation, d was seen to extend 
in both directions beyond the limits of the ganglion ; naturally, 
its cell was not demonstrated, but the fact that it is much larger 
than b is sufficient ground for believing that all of the neuro- 
fibrillae which it contains do not come from the nerve element 
a. The  connection between b and d at the point c seems as 
certain as if they were the branches of a single neurone. 

Fzbn'ZLar N~izoovks ie the n/EuropiZ, 

A considerable number of cases of fibrillar networks occur- 
ring in the neuropil of Himdo have been described in another 
paper (PRESTISS, : 03) ; two additional examples of the types 
which occur most frequently in I(r'rUa'u, are figured here. Often 
only two or three meshes are formed with which two or three 
fibrillae are connected (Figure 6, Plate V). I n  other cases the 
networks are much more complex, as seen in Figure 8. These 
examples were found near the center of the neuropil, and there 
is little likelihood of their being mistaken for networks in the 
cell processes. In  every instance they were of limited extent, 
and comparatively few fibrillae were connected with them. 

In  Astacus more extensive networks may be demonstrated 
in the neuropil by means of methylen blue. Figures g and 1 3  
are good examples of these fibrillar structures. The  meshes 
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are larger than in the leech, and beads of perifibrillar substance 
are scattered along the course of the fibrillae, often at their 
points of union. These networks correspond more nearly to 
those which A P A r H Y  demonstrated in the leech with methylen 
blue, but they are not so extensive. 

My observations thus confirm the statements of A P A T H Y  
that fibrillar networks occur in both ganglion cells and neuropil. 
The evidence, however, does not support his view that the 
networks within the cells are formed by neurofibrillae which 
differ from each other in both structure and function. This 
conclusion is, moreover, in entire agreement with HETHE'S ex- 
periment which proved that the cells are not the centers of ner- 
vous activity as APi 'rHY supposed. As to APATHY'S assump- 
tion of a diffuse fibrillar network in the neuropil, there is no 
evidence to show that such a condition exists. There are rather 
numerous small networks, each limited to a definite region in 
the neuropil, and putting comparatively few fibrillae into com- 
munication with one another. 

Fibrillar structures in my preparations of both Hzt74do and 
Astucus, confirm HETHE'S statement that many neurofibrillae are 
found in the nerve elements which are entirely independent of 
the ganglion cells. In Himdo all the neurofibrillae of a nerve 
fiber may be put into communication with one another by net- 
works before they enter the cell. 

These facts all point to the existence of fibrillar continuity 
between the nerve elements ; in both Himdo and Astacrrs appar- 
ent cases of continuity between two neurones have been ob- 
served. Great weight cannot be laid on only two observations 
of such connection, for there is always the possible danger of 
optical error in tracing such exceedingly small structures. Rut 
the very existence of independent neurofibrillae in the nerve 
elements and the presence of fibrillar networks i n  the neuropil 
are incompatible with the idea that the nervous system is com- 
posed of anatomically independent, cellular units. On the con- 
trary such conditions can be explained only by assuming that 
between the nerve elements fibrillar continuity exists. 

The proof of such continuity does not, however, annihi- 
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late the neurone theory ; it simply modifies it. There is as yet 
no direct evidence to prove that these fibrillar networks in the 
neuropil may not be formed by the union of fibrils, each of 
which was developed in a distinct cell. At present we know 
nothing of the origin of the neurofibrillae in the central ner- 
vous system, and, therefore, the presence of independent fibril- 
lac in the nerve elements does not necessitate the abandonment 
of the neurone idea; for such fibrillae, which do not enter t he  
cell, may be differentiated in the plasma of the cell processes, 
and be as much a part of the cell as the processes themselves. 
The fundamental experiment of BETHE (’98) while of great 
value to neurology, does not in itself prove the neurone theory 
false ; it merely shows that the nerve elements may function for 
some time without their cells; that the cells are not the batteries 
which generate the nervous current, as was formerly supposed. 

An  unprejudiced thinker can but agree with VERWOKN 
( : 00) when he says that : “der Begriff des Neurons und damit 
auch die Neuronenlehre erst dann und nur  dann erschuttert 
ware, wenn es gelungen, zu  zeigen, dass das, was wir als cellu- 
lare Einheit betrachten, in Wirklichkeit aus mehreren Zellen 
besteht. ” The only important evidence which a t  present goes 
to show that the **cellulare Einheit” of the nervous system 
*laus mehreren Zellen besteht, ” consists of BETHE’S preliminary 
statements of his researches in the histogenesis and pathology 
of the nerve elements. Before passing judgment on BETHE’S 
work we must wait until a full account of it appears. If, as is 
probable, the results of his work prove beyond a doubt that the 
supposed cell individual is the product of many cells, the neu- 
rone theory will 1,: untenable. If not, the neurone theory will 
still remain-a th~ovy ; for our present methods have thus far 
failed to prove ‘.beyond a doubt,” that the nervous system is 
made up of cell units, and nothing but cell units. 
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EXPLANATION OF PLATES. 

The fibrillar structures which are described in the text are repro - 
duced by dark lines, as they appeared in the preparations; the out- 
lines of the less important fibrils were drawn much lighter, for the 
sake of clearness. The Figures were projected and outlined with a 
LEITZ camera lucida ( A B B ~  model). With the exception of Figure 10 
the drawings were niade with the use of a LEITZ 1-16 oil immersion 
objective, and a No. 4 ocular. With a tube length of 160 mm. and a 
projection distance of 320 mm. this system gives a magnification of 
approximately 2000 diameters. Figure 10 is magnified 160 diameters 
by*means of a LEITZ objective No. 3 ,  and ocular No. 4. 
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PLATE V. 

All the figures are  from toluidin blue preparations of Hirudo. Figures z 
and 3 are from material fixed in ether. 

Fig. I. An oblique section through a large ganglion cell and a portion of 
the neuropil, showing the  connection between the fibrillae in the cel l  process. 
T h e  greater par t  of the cell is cut away. u, 6, two fibrillae from the  longi- 
tudinal commissures; c, a short fibril connecting a and 6 ;  d, the  bounding 
membrane between neuropil and ganglion cells. 

A small ganglion cell with i ts  process, portions of the peripheral 
fiber (b), and of two collaterals. Part of the peripheral fibrillar network is seen 
in the  cell ; in that region of the  element, from which the collaterals branch 
off, a large fibril (a) may be  traced from one of the collaterals into 6, the  
peripheral fiber, where it is designated by a’. 

Fig. J.  A ganglion cell of medium size from the same section as  Figure 
2. Only the neurotibrillae and the  nucleus were visible in the preparation. b, 
the single large fibril in the cell process ; a, one of its branches which unites 
with the network about t h e  nucleus. 

Fig. 4.  A section through the peripheral portion of a giant ganglion cell, 
showing the  close-meshed hbrillrr network characteristic of the larger cells of 
Hirudo . 

Fig. 5 .  A short portion of a cell process showing the connection between 
its neurofibrillae ; u, a’, a”, three fibrillae which in passing from the cell into 
the neuropil, unite a t  b ; a t  c a single mesh is formed, from which numerous 
small fibrilhe continue their course in the process. T h e  perifibrillar substance 
is not stained. 

Fig. 6 .  One of the simpler cases of fibrillar networks found in the 
neuropil of Hirudo. Only two meshes are  formed, which are in  connection 
with three fibrillae. 

Fig. 7 .  An example of the fibrillar networks’in the  processes of large 
nerve elements. a, proximal end of the cell process; 6, bounding membrane 
of the neuropi l ;  c, the  network by which all of the fibrillae are connected 
together ; d, a large neurofibril which unites a t  c with a smaller network. 

A fibrillar network of four meshes found near the  center of the  
neuropil. 

Fig 2. 

Fig. 8. 
a-f, fibrillae uniting with the network. 

PLATE VI. 

Figure 14 is a toluidin blue preparation from Hirudo. All the other  fig- 
urer are methylen blue preparations from A S ~ U C ~ J  material. 

Fig. 9. A network of neurofibrillae from the  third abdominal ganglion 
of A J ~ U C N .  A t  the  point u the  network is apparently connected with the  longi- 
tudinal nerve fiber 6 ;  c, beads of perifibrillar substance, characteristic of 
methylen blue preparations. 

Fig. 10. A large motor nerve element from the  second abdominal 
ganglion of AJ~UCW.  a, the  enlarged portion of the fiber from which the 
collnterdr branch off; 6, the much smaller cell process; c, the peripheral 
nerve fiber, traced, in  the preparation, to  one of the lateral nerves; d, ,two 
collaterals. X 160. 



PKENTISS, NtUY07b?%ZY StrUCtUYtS. '75 
Fig. rr .  An enlarged drawing of that portion of Figure 10 from which 

the collaterds are given off. b', c', d,  correspond respectively to 6, c, d in 
Figure 10. Many of the fibrillae do not enter the cell process; of these, t 
pasacs directly from one collateral to another. 

Fig. 12. The collateral of a large nerve clement which is apparently in 
direct connection with a longitudinal fiber. a, the collateral ; B,  the connect- 
ing fibril; c, its point of union with the fiber d ;  e, the anterior end of the 
longitudinal fiber d. 

Fig. 13. A fibrillar network from the neuropil of the third abdominal 
ganglion; a-J neurofibrillae which are connected with the network ; g, beads 
of perifibrillk substance. 

Fzg. 14. One of the smaller ganglion cells of Hirudo (motor type of 
APATHY), showing the inner and outer fibrillar networks, which are pot into 
connection by radial fibrillae. 

A ganglion cell from the last abdominal ganglion of Aslacus. 
Only the fibrillae near the periphery of the upper half of the cell are shown. 

Pic. 15. 
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